Abstract: This paper presents the development of RF System-on-Package (SOP) architectures for compact and low cost wireless radio front-end systems. A novel 3D integration approach for SOP-based solutions for wireless communication applications is proposed and utilized for the implementation of a C band Wireless LAN (WLAN) RF front-end module by means of stacking LTCC substrates using MBGA technology. Results from the characterization and the modeling of RF vertical board-to-board transitions using MBGA process are presented for the first time. LTCC designs of high-performance multilayer embedded bandpass filters and novel stacked cavity-backed patch antennas are also reported. In addition, the fabrication of very high Q-factor inductors and embeddedfilter in organic substrates demonstrate the satisfactory performance ofmultilayer organic packages.
I. INTRODUCTION The current drawbacks of most commercially available microwave, millimeter wave, and high-speed optoelectronics transceiver front-ends include the relatively large size and heavy weight primarily caused by discrete components and separately located modules. Multi-layer ceramic and organic -based SOP implementation is capable of overcoming this limitation by integrating components that would have otherwise been acquired in discrete form, and MMICs in a single package, hence the term System-on-Package (SOP). Onpackage components not only miniaturize the module, but also eliminate or minimize the need for discrete components and thereby reduce the assembly time and cost as well. In addition, less discrete components improves reliability because of the reduced solder joint failures. In this paper, we present highly miniaturized LTCC and fully -organic-based radio front-end packaging development utilizing Dupont's standard 951 tapes and Georgia Tech's PRC process for compact low cost wireless front end systems. In particular, we present a very compact 3D-integration concept suitable for Gband RF front-end module by means of LTCC substrate stacking method using [ 
LTCC Antenna development.
A via-fed stacked cavity-backed patch antenna has been designed (based on a 10 layers LTCC process) for IEEE 802.11a 5.8 GHz band as shown in Figure 6 [3]. The heights of the lower and upper patches (400 mils x 400 mils) are respectively 8 mils (2 LTCC GL550 layers) and 32 mils. The input impedance characteristic of the stacked-patch antenna is shown in Figure 7 . The 10 -dB return-loss bandwidth of the antenna is about 4%, fully covering the required band (5.725-5.825 GHz). The radiation pattern at 5.8 GHz is plotted in Figure 8 . This antenna has a desirable gain (near 6 dBi, figure 8a) and very low cross -polarization (less than -35 dBi, figure  8b) . reduce the module size is the design of passive components, which occupy the highest percentage of integrated circuit and circuit board real estate. Design flexibility and optimized integration can be achieved with multilayer substrate technology in which free vertical realestate is taken advantage of highly intergrable multilayer organic (MLO) technologie is thus being studied to achieve complete System on Package solutions (SOP). The current SOP configuration is shown in Figure 9 . 
III. MULTI-LAYER ORGANIC BASED PACKAGE
A multi-layer packaging process using a organic material developed by 
